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We, The Dow Chemical Company, a 
Corporation organised and existing under 
the laws of the State of Delaware, United 
States of America, of Midland, County of 
Midland, State of Michigan, United States 
of America, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it 
is to be performed, to be particularly des- 
cribed in and by the following statement: — 

This invention relates to an extrusion 
apparatus of the screw extruder variety 
wherein the screw is adapted to have a heat 
exchange fluid passed therethrough. 

Frequently, in the extrusion of synthetic 
resinous thermoplastic materials it is de- 
sirable that the barrel of the extruder be 
heated and that heat exchange fluid be pro- 
vided to the screw in order to obtain a rela- 
tively uniform temperature of the plastics 
melt and rapid heat plastification of granular 
material fed to the screw extruder. Often- 
times it is desirable that the screw of such 
a screw extruder machine have at least two 
heat exchange zones, the first . generally ad- 
jacent the inlet of the granular material and 
a second heat exchange zone generally adja- 
cent the outlet or extrusion orifice. By em- 
ploying two zones it is possible to increase 
the heat input to the granular polymer in 
the first zone adjacent the polymer inlet or 
melt zone and to provide to the second zone 
temperature control which serves to bring 
the temperature of the polymer to be ex- 
truded to extrusion temperature employing 
a barrel of relatively short length. Generally 
internally heated and /or cooled extrusion 
screws are utilized wherein a plug is fric- 
tion fitted within the extruder screw to sepa- 
rate the internal cavity of a hollow screw 
into two heat exchange zones. Suitable con- 
ducts are provided for the circulation of the 
heat^xchange fluid. Considerable difficulty 



is encountered when the position of the plug 
or divider must be changed. Generally the 45 
extruder must be disassembled, that is the 
screw removed, the plug bored from within 
the screw, and a new plug installed. Such a 
procedure is costly and time consuming and 
is especially undesirable in experimental 50 
equipment wherein changes are often re- 
quired. 

This invention provides an improved 
screw extrusion apparatus having at least 
two heat exchange zones within the extruder 55 
screw wherein the zones can be varied with- 
out removal of the screw from the appa- 
ratus. w 

More precisely the present invention pro- 
vides apparatus for the extrusion of syn- 60 
tnetic resinous thermoplastic material com- 
prising a screw extruder wherein the screw 
has an internal cavity having a generally 
cylindrical configuration and having a plug 
within the cylindrical cavity adapted tc 65 
divide the cavity into heat exchange zones, 
the plug being an expansible plug so con- 
structed and arranged as to selectively seal- 
mgly engage and disengage a wall of the 
cavity within the screw. 7 q 

A particular embodiment of the present 
invention provides an apparatus for the ex- 
trusion of synthetic resinous thermoplastic 
material comprising a screw extruder hav- 
ing a barrel, the barrel having a first end 75 
and a second end, means to supply synthetic 
resinous thermoplastic material to the first 
end of the barrel, means to discharge heat 
plastified thermoplastic resinous material 
from the second end of the barrel, a screw 80 
disposed within the barrel and adapted to 
forward heat plastified synthetic thermoplas- 
tic resinous material from the first end to 
the second end of the barrel, the screw de- 

, ,n % ?" , hxtcrnal cavity having a generally 85 
cylindrical configuration, a plug within the 
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cylindrical cavity adapted to divide the 
cavity into first and second heat exchange 
zones, the first heat exchange zone being 
disposed adjacent the first end of the barrel, 
5 the second heat exchange zone being dis- 
posed adjacent the second end of the barrel, 
an inlet and outlet conduit connecting with 
the first heat exchange zone, an inlet and 
outlet conduit connecting with the second 

10 heat exchange zone, characterized in that the 
plug is an expansible plug so constructed 
and arranged so as to selectively engage 
and disengage from the wall of the cavity 
within the screw. 

15 Further features and advantages of the 
present invention will become more apparent 
from the following description when taken 
in connection with the accompanying draw- 
ing wherein: 

20 In Figure 1 there is schematically illus- 
trated a sectional view of an extrusion appa- 
ratus in accordance with the invention. 

In Figure 2 there is illustrated a sectional 
view of an alternate embodiment of expan- 

25 sible plug for use in the apparatus of Figure 

1- 

Figures 3 and 4 depict two views of a por- 
tion of the plug of Figure 2, Fig. 4 being 
taken along the line 4 — 4 of Fig. 3. 

30 In Figure 1 there is illustrated a schematic 
sectional view of an extrusion apparatus in 
accordance with a preferred embodiment of 
this invention. The apparatus is generally 
designated by the reference numeral 10. The 

is apparatus 10 is a screw extruding machine 
comprising a barrel 11, the barrel 11 has a 
first end 12, and a second end 13, the barrel 
11 defines an internal cylindrical cavity 14, 
adjacent the first end 12 of the barrel 11 is 

A n a feed port 15 in operative communication 
with a supply means 16 for the provision 
of particulate synthetic resinous thermo- 
plastic material, the feed port 15 providing 
communication between the supply means 

a< 16 and the internal cavity 14 of the barrel 
11. An extrusion die 18 is in cooperative 
communication with the second end 13 of 
the barrel 11, and the die 18 defines an ex- 
trusion orifice 19 which is in communication 

<o with the cavity 14, a screw or worm 21 is 
disposed within the cavity 14, the screw 21 
comprising a body portion 22 having an ex- 
ternal Generally cylindrical surface 23 and a 
helicarscrew 24 disposed about the cylm- 
drical surface 23, the body 22 defines an 
internal cavity 26 having a first end 2S gener- 
allv disposed adjacent the first end 12 of the 
barrel 11, and a second end 29 disposed 
eenerallv adiacent the extrusion die lo, 

<n a first conduit 30 extends from a location 
external to the screw 21 into the cavity 2o 
?nd terminates srenerally adiacent the sec- 
ond end 29. i second conduit 3 1 is coaxially 
J* spoked with relationship to the first con- 



duit 30 and extends into the cavity 26 and 65 
terminates at a location between the first and 
second ends 28 and 29, respectively, of the 
cavity 26. The conduit 31 has affixed there- 
to an expansible plug assembly 33, the 
assembly 33 comprises a first or fixed body 70 
portion 34 rigidly secured to the conduit 
31, the first body portion conforms generally 
to the internal cross sectional configuration 
of I the cavity 26 and defines a generally 
frustoconical camming surface 35. A sec- 75 
ond plug body portion 36 is threadably 
mounted on the conduit 31, the body por- 
tion 36 defines a generally frustoconical 
camming surface 37. The surfaces 35 and 

37 are generally oppositely disposed and out- »u 
wardlv facing. An expander or sealing ring 

38 is disposed between the camming surfaces 
35 and 37 and is so constructed and 
arranged that when the portion 36 is rotated 
into the conduit 31 in the appropriate direc- 85 
tion, the body portion 36 abuts the body por- 
tion 34 and the expander ring is forced into 
seaiins engagement with a portion of the 
screw~21 thereby dividing the cavity 26 into 
first and second portions corresponding to 90 
the ends 28 and 29. A rotating means 40 

is affixed to the body portion 36 generally 
adjacent the first end 28 of the cavity 26, a 
third conduit 42 is coaxially disposed about 
the portion of the second conduit 31, the 95 
conduit 42 has an internal end 43 having en- 
gaging means 44 disposed thereon and adap- 
ted to engage the rotating means 40 of the 
body 36, a fourth conduit 45 is coaxially dis- 
posed about the third conduit 42, the con- 100 
duit 45 terminates generally adjacent the 
first end 28 of the cavity 26, a packing 
assembly 47 seals the fourth conduit 45 into 
the screw 21, and a rotary joint 48 is m 
operative encasement with a portion of the 105 
conduit 45 extending outside of the cavity 
26. A packing assembly 50 secures the 
fourth conduit 45 to the third conduit 42 
generally adjacent the rotary joint 48 and 
remote from the packing assembly 47. A 110 
rotary joint 51 is in operative engagement 
with the third conduit at a location gener- 
ally adjacent the packing assembly 50 and 
remote from the rotary joint 48. A packing 
assembly 52 secures the third conduit 42 to 115 
the second conduit 31 at a location adjacent 
the rotary joint 51 and remote from the 
packing assembly 50. A rotary joint 53 is 
in operative engagement with the second 
conduit 31 at a location generally adjacent 120 
the packing assembly 52 and remote from 
the rotary joint 51. A packing assembly 55 
secures the second conduit 31 to the first 
conduit 30. A rotary joint 56 is in opera- 
tive engagement with the first conduit 30 at 125 
a location generally adjacent the packing 
assembly 55 and remotely disposed from the 
rotary joint 52, and heat exchange fluid con- 
duits 58, 59, 60 and 61 are in cooperative 
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combination with the rotary joints 48, 51 
53 and 56, respectively. 

In operation of the embodiment of the 
invention as depicted in Figure 1 in normal 
5 operating conditions the body portions 36 
arfd 34 of the plug 33 are forced together 
by the engaging means 44 on the third con- 
duit 42 causing the expander or sealing rin<* 
38 to split a cavity 26 into a first portion 
10 and a second portion. Advantageously the 
body portion 36 is affixed to the conduit 31 
by means of screw threads having a land 
such that any slippage caused by the friction 
of the rotary joints causes the joint to tighten 
15 rather than loosen. When it is desired to 
alter the location of the plug 33, the packing 
assembly 50 is loosened, the third conduit 42 
js shd into the cavity 26 until the engagin° 
on J 68 ™ 44 engages the rotating means 40 ol 
20 the body portion 36, the body portion 36 is 
then rotated by means of conduit 42 until 
the plug assembly is free to slide within the 
cavity 26, the second conduit 31 is then 
axially positioned within the cavity 26 to 
25 a desired position, the third conduit 42 is 
then shdably positioned so that the engaging 
means 44 engages the rotating means 40 and 
the plug assembly 33 is tightly secured within 
the cavity, beneficially the conduits 30, 31. 
30 42 and 45 have lengths which permit sliding 
of the plug 33 within the desired limits. Thus 
extrusion may be accomplished in the desired 
manner and heat exchange fluid supplied and 
removed from first and second zones of 
35 readily alterable dimensions. 

In Figure 2 there is illustrated an alternate 
plug m accordance with the present inven- 
tion generally described by the reference 
numeral 65, the plug 65 comprises in co- 
40 operative combination a conduit 66 having 
a terminal end 67, and having an externally 
treaded surface 67\ A shoulder member 
68 is rigidly secured to the terminal end 67 
of the conduit 66. A camming member 69 
45 is positioned adjacent the shoulder member 
68. The camming member 69 has a gener- 
ally frustoconical outwardly facing surface 
70 which is in engagement with an expand- 
ing member or expander ring 71 disposed 
50 adjacent the surface 70 of the camming 
member 69. The expanding member de- 
fines a generally radially outwardly extending 
surface 72 and a frustoconical surface 73 
adapted to mate with the surface 70. A ring 
55 member 75 is slideably disposed upon the 
conduit 66 and contacts the radially out- 
wardly extending surface 72. A cavity en- 
gaging member 78 is disposed adjacent the 
ring member 75 and is operatively in engage- 
60 ment therewith by means of a plurality of 
arms 79. The arms 79 engage a frusto- 
conical camming surface 76 on the rine 
member 75 and the frustoconical camming 
surface 76 is adapted to force the arms 79 
65 radially outwardly. 



Figure 3 is a view of the engaging member 
78 viewed from right to left and showing a 
plurality of external slots or grooves 80 
particularly adapted to engage a rotating 
means not shown. « A 

Figure 4 depicts engaging member 78 illus- 
trating the arms 79. 

In operation of the embodiment as depic- 
ted in Figures 2, 3 and 4 the conduit 66 is 
positioned within the cavity of the extruder 75 
screw and a second conduit is positioned 
around the conduit 66. The second conduit 
terminates in lugs which engage the grooves 
80 of the engaging member 78. Rotating the 
conduit 66 in the appropriate direction 80 
causes the camming surface 76 to force the 
arms 79 into engagement with the bore of 
the extruder screw. Continued rotation of 
the conduit 66 causes the surface 69 to force 
the expander or sealing ring 71 into a sealing rs 
engagement with the bore of the extruder. 
Third and fourth conduits are employed in 
the manner of Figure 1. 

Generally it is desirable to utilize a resili- 
ent material for the sealing members such on 
as the members 38 or 71, such sealing mem- 
bers are prepared from rubber or synthetic 
resinous material such as polytetrafluoro- 
ethylene and like resilient or deformable 
compositions which resist extrusion temper- 
atures and heat exchange fluid. Employing 
the apparatus substantially in accordance 
with the present invention, the heat exchange 
zone within the extruder screw was readily 
varied without the necessity of disassembly inn 
of the extruder. 1UU 

WHAT WE CLAIM IS: — 

1. Apparatus for the extrusion of syn- 
thetic resinous thermoplastic material com- 
prising a screw extruder wherein the screw ins 
has an internal cavity having a generally 
cylindrical configuration and having a plug 
within the cylindrical cavity adapted to 
divide the cavity into heat exchange zones, 
the plug being an expansible plug so con- iin 
structea and arranged as co selectively seal- 
ingly engage and disengage a wall of the 
cavity within the screw. 

2. Apparatus as claimed in claim 1 
which comprises a barrel, the barrel having 115 
a first end and a second end, means to sup- 
ply synthetic resinous thermoplastic material 

to the first end of the barrel, means to dis- 
charge heat plastified thermoplastic resinous 
material from the second end of the barrel ion 
the screw being disposed within the barrel 
and adapted to forward heat plastified syn- 
thetic thremoplastic resinous material from 
the first end to the second end of the barrel 
the screw defining an internal cavity having 195 
a generally cylindrical configuration, the 
plug within the cylindrical cavity adapted to 
divide die cavity into first and second heat 
exchange zones, the first heat exchange zone 
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disposed adjacent the se co o c tmg 
barrel, an mlet and outlets ^ 

5 ^andS^ 

'second heat exchange zone. 4 hav . 

3. Apparatus as ciaimea » ne an 

in g a firs^nd -^"SffSSl °P era - 

10 inlet conduit and an ou» exchange 

10 lively connected ^ *_£_*£_ an outlet 

cordurt n ^pe n ra^y C °connected with the 
sSlhea^xchangezone 3 
15 4 . Apparatus as ctamra fof ^ 

15 wherein the inlet and outlet con 

srtiWiff^'* *• first 

20 ZO T Apparatus as claimed in ^OgJ 

- ^ t e^E i r sasethep 

from the wall of the cavity- 



V ^ ■ — . g 

J^wtSft srar- 35 

lixed body P ort, °"' H eC h U ea Texchange zone, a 35 
conduit of the second heat ore s ^ to 
£ co nd body portion JhJjW. hea t ex- 
the said one conduit oi dis posed 
cUa „ g e zone and a -J*^ | dap ted to 
between the ooay f v , ■ screw cavity w 
engage the internal waH j^**^ body 

on rotation rfWj™, bc & y portion, 
portion towards the nxeao j F 

9 Apparatus for the erial sub- 

tle *^*S3S^*£** wlth 45 
SLSto^S-l-^oftheaccom- 

panying drawings. 
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This drawing is a reproduction of ■ 
1 SHEET ^ original on a reduced scale 
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